Background: We evaluated the efficacy and safety of single-dose fosaprepitant in combination with intravenous granisetron and dexamethasone.
introduction Chemotherapy-induced nausea and vomiting (CINV) is highly distressing and is a feared adverse event in patients receiving cancer chemotherapy. Without adequate antiemetic treatment, >90% of patients experience CINV when given highly emetogenic chemotherapy (including cisplatin) [1] . Until recently, combination therapy with a 5-hydroxytryptamine type-3 (5-HT3) receptor antagonist and corticosteroid was the standard treatment in Japan. With the advent of aprepitant, a neurokinin type-1 (NK 1 ) receptor antagonist, used in combination with the 5-HT3 antagonist and corticosteroid, further improvements in the antiemetic efficacy have been achieved. Current guidelines recommend this three-drug combination for the prevention of CINV in patients receiving highly emetogenic chemotherapy [2] [3] [4] . In this regimen, aprepitant ( per os) is given for 3 days, and dexamethasone is given for 4 days.
Fosaprepitant is a water-soluble phosphoryl prodrug for aprepitant. When administered intravenously, fosaprepitant is rapidly converted to aprepitant [5] . Treatment with fosaprepitant (115 mg) has been initially approved in Western countries as an alternative to oral aprepitant (125 mg) on day 1 of a 3-day antiemetic regimen. Although current guidelines recommend 3-day dosing with aprepitant for the prevention of CINV, previous studies indicated that single-dose aprepitant conferred antiemetic effects for acute and delayed CINV [6, 7] . Recently, a phase 2 study suggested that a single-day regimen consisting of a higher dose of aprepitant plus palonosetron and dexamethasone was feasible and effective for the prevention of CINV in patients receiving moderately emetogenic chemotherapy [8] . Up to 150 mg of fosaprepitant can be administered without any significant prevalence of infusionrelated adverse events [9] . A randomised, double-blind, phase 3 study comparing intravenous single-dose fosaprepitant with 3-day oral aprepitant, each combined with ondansetron and dexamethasone, was conducted to demonstrate that a singledose fosaprepitant 150-mg regimen is non-inferior to a 3-day oral aprepitant (125 mg/80 mg/80 mg) regimen [10] . At the time when we decided to evaluate the antiemetic efficacy of fosaprepitant in Japan, aprepitant was not approved for clinical use in Japan. Therefore, we conducted a placebo-controlled, randomised, phase 3 study to evaluate the efficacy and safety of fosaprepitant in combination with granisetron and dexamethasone to prevent CINV in patients receiving highly emetogenic chemotherapy containing cisplatin at ≥70 mg/m 2 .
patients and methods
The study protocol was approved by the ethics review board of each institution. All the patients provided written informed consent to be enrolled in the study.
inclusion criteria
Patients aged ≥20 years who received cancer chemotherapy containing cisplatin (≥70 mg/m 2 ) were included in this study. All patients were required to have an ECOG Performance Status of 0-2 and an estimated life expectancy of ≥3 months. They also had to meet the following criteria based on laboratory analyses: white blood cell count, ≥3000/mm 3 ;
neutrophil count, ≥1500/mm 3 ; platelet count, ≥100 000/mm 3 ; aspartate transaminase and alanine transaminase, ≤2.5 × the upper limit of the normal range in the institution (ULN); total bilirubin, ≤1.5 × ULN; and creatinine, ≤1.5 × ULN.
exclusion criteria
To minimise confounding effects in the efficacy evaluation, certain patients were excluded from the study as follows: patients who would receive at least moderately emetogenic antitumour agent(s) [11] in combination with cisplatin at any point from 6 days before cisplatin dosing (day -6) to day 6 except for the day of cisplatin dosing; patients who would receive paclitaxel in combination with cisplatin; patients who had previously been treated with cisplatin without vomiting; and patients with a risk of vomiting for other reasons. Concomitant use of the following drugs was prohibited: all antiemetics other than fosaprepitant from 48 h before cisplatin dosing to day 6; CYP3A4 substrates and inhibitors from day -7 to day 15; and CYP3A4 inducers from week -4 to day 6. In addition, certain other patients were excluded from the study as follows: patients with a history of hypersensitivity to granisetron or dexamethasone phosphate; patients who had previously been treated with fosaprepitant or aprepitant; and pregnant (or potentially pregnant) and nursing women.
study design
This was a multicentre, placebo-controlled, double-blind, randomised, parallel study conducted in 68 institutions in Japan. In the placebo group, the patients received intravenous administration of placebo, granisetron (40 μg/kg body weight), and dexamethasone phosphate (20 mg) on day 1, and dexamethasone phosphate (8 mg) on days 2 and 3. In the fosaprepitant group, patients received intravenous administration of fosaprepitant (150 mg), granisetron (40 μg/kg), and dexamethasone phosphate (10 mg) on day 1, dexamethasone phosphate (4 mg) on day 2, and dexamethasone phosphate (8 mg) on day 3. Aprepitant (the active form of fosaprepitant and a CYP3A4 inhibitor) is known to increase plasma dexamethasone concentrations when used in combination with dexamethasone (CYP3A4 substrate) [12, 13] . To achieve comparable plasma levels of dexamethasone in the fosaprepitant and placebo groups, the dose of dexamethasone in the fosaprepitant group was half of that in the placebo group on days 1 and 2. On day 1, a single intravenous dose of fosaprepitant or placebo was administered over 20-30 min beginning 1 h before the start of administration of the first moderately emetogenic or highly emetogenic antitumour agent (including cisplatin), and dexamethasone and granisetron were intravenously administered over ≤30 min starting 30 min before the administration of the first emetogenic antitumour agent. On days 2 and 3, dexamethasone was intravenously administered in the morning.
assessments
Patient self-assessment of drug efficacy was constantly evaluated from the start of administration of the first moderately emetogenic or highly emetogenic antitumour agent (including cisplatin) until the morning of day 6 (i.e. 120 h after the start of administration of the emetogenic agent). Vomiting was defined as at least one episode of emesis or retching. One episode of vomiting was distinguished from other episodes if emesis was not observed for ≥1 min. Patients were instructed to record the date and time of vomiting in a symptom diary. For nausea, patients were instructed to assess the most intense bout of nausea during the past 24-h period based on a four-point scale [0, none; 1, mild (food and water can be ingested); 2, moderate (only water can be ingested); 3, severe (neither food nor water can be ingested)]. Self-assessment of nausea was undertaken at around noon on days 2-6 and recorded in a symptom diary. For rescue therapy (defined as treatment with drug therapy to treat nausea/vomiting), the investigator or nurse recorded the date and time of therapy, name and dose of drug, and reason for use. The safety measures were adverse events, drugrelated adverse events, general laboratory tests, body weight, vital signs, 12-lead electrocardiogram, and injection-site reaction, and were assessed until day 15. Toxicity grades were assessed using the National Cancer Institute Common Terminology Criteria for Adverse Events (v3.0).
statistical analysis
On the assumption that the percentages of patients with a complete response would be 68% in the fosaprepitant group [calculated as the sample size-weighted mean from the results of a Japanese phase 2 study [14] and phase 3 studies conducted outside of Japan (studies 052 and 054) of aprepitant [15, 16] ] and 50% (calculated from the results of the Japanese phase 2 study [14] ) in the placebo group, a sample size of 155 patients per group was estimated to be required to provide a power of 90% for detecting a significant difference at a two-sided significance level of 5%, using the χ therapy, and nausea of no more than mild severity); total control (no emesis, no rescue therapy, and no nausea); no emesis (including those who used rescue therapy); no rescue therapy; no nausea; and no significant nausea (no more than mild severity). The efficacy analysis was carried out on the modified intention-to-treat (ITT) population. The modified ITT population consisted of all randomised patients who met the main enrolment criteria; were treated with granisetron and dexamethasone phosphate (at least one dose); were treated with fosaprepitant or placebo; and were monitored at least once after treatment with the study drug. To compare the primary and secondary end points (other than the time to first episode of vomiting) between the fosaprepitant and placebo groups, the Mantel-Haenszel test was carried out after stratification for treatment, sex, presence or absence of at least moderately emetogenic antitumour agent used in combination with cisplatin, and presence or absence of previous treatment with cisplatin. For the time to first episode of vomiting, a Kaplan-Meier curve was plotted for each group, and a log-rank test carried out to compare the two groups. The safety analysis was carried out on all randomised patients who were treated with the study drug. For adverse events, drug-related adverse events, and injection-site reactions, the prevalence was calculated for each group, and the χ 2 test was carried out for comparisons between the two groups. Table 1 . None of the demographic parameters differed significantly between the two arms. A total of 71 patients (21%) had received cisplatin before this study. Four patients were subsequently considered to be ineligible and three did not receive the protocol treatment. Therefore, 340 patients (167 in the standard arm and 173 in the fosaprepitant arm) were assessable in the modified ITT analysis, and 344 patients were included in the safety analysis.
efficacy
The percentage of patients who achieved a complete response (no emesis and no rescue therapy) in the overall phase (0-120 h) was significantly higher in the fosaprepitant group than in the control group {64% [95% confidence interval (CI) 16-46%] versus 47% [95% CI 10-36%]; P = 0.0015} ( Figure 2 ). Furthermore, in the acute and delayed phases, the percentages of patients with a complete response were significantly higher in the fosaprepitant group than in the control group (acute phase: 94% versus 81%, P = 0.0006; delayed phase: 65% versus 49%, P = 0.0025). Among the patients who had previously been treated with cisplatin and experienced vomiting, the complete response rates in the overall phase were higher in the fosaprepitant group than in the control group (60.0% versus 30.3%).
The results for the other secondary end points are listed in Table 2 . The percentages of patients with complete protection (no emesis, no rescue therapy, and no significant nausea) in the overall, acute, and delayed phases, with no emesis in the overall, acute, and delayed phases, and with no rescue therapy in the acute phase were significantly higher in the fosaprepitant group than in the control group. In terms of control of significant nausea and nausea in the overall, acute, and delayed phases, no significant differences were seen. The percentages of patients with no rescue therapy in the overall phase also did not differ significantly.
Supplementary Figure S1 (available at Annals of Oncology online) shows Kaplan-Meier curves depicting the proportions of patients who did not experience vomiting with respect to time over the entire study period. During the first 12-16 h, the percentages of patients who experienced vomiting were similar between the two groups. However, the fosaprepitant group had significantly more no-vomiting time than the placebo group (P < 0.0001) during the overall phase. tolerability All the patients who received the study drug at least once were included in the safety analysis. Table 3 summarises the adverse events reported within 15 days of the start of treatment with the study drug. The overall prevalences of adverse events did not differ significantly between the fosaprepitant group and the control group (99% versus 100%, P = 0.3222). The overall prevalence of drug-related adverse events also did not differ significantly between the fosaprepitant group and the control group (26% versus 28%, P = 0.8005). With respect to the grade distributions of adverse events and drug-related adverse events, no marked differences were observed between the two groups. There were no significant differences between the fosaprepitant group and the control group in the prevalences of serious adverse events (9.2% versus 11%, P = 0.6652) and serious drugrelated adverse events (0.6% versus 0.6%, P = 0.9868). There were no treatment-related deaths in either group. Table 4 summarises the infusion-related adverse events, of which the overall prevalence was significantly higher in the fosaprepitant group than in the control group (24% versus 12%, P = 0.0068). In terms of the severity of infusion-related adverse events, severe events were not observed. The prevalence of moderate-grade adverse events was greater in the fosaprepitant group than in the control group (3.4% versus 1.8%, P = 0.3280). The remaining infusion-related adverse events were of only mild severity.
Overall, 76 of 174 subjects (44%) in the fosaprepitant group and 62 of 170 subjects (37%) in the control group concomitantly received antitumour agents metabolised by CYP3A4. The prevalences of chemotherapy-related haematological toxicity [febrile neutropenia (fosaprepitant, 1.7%; placebo, 3.5%), neutropenia (fosaprepitant, 51%; placebo, 54%), anaemia (fosaprepitant, 24%; placebo, 25%), and thrombocytopenia (fosaprepitant, 33%; placebo, 37%)] were generally similar between the fosaprepitant and control groups.
discussion
In this randomised phase 3 trial, we have demonstrated the superiority of single-dose fosaprepitant in combination with granisetron and dexamethasone over placebo plus granisetron and dexamethasone for preventing CINV in patients receiving high-dose cisplatin. In previous double-blinded, placebocontrolled, randomised phase 3 studies that evaluated aprepitant in combination with ondansetron and dexamethasone, the percentages of patients with a complete response in the overall phase ranged from 63% to 73% [15] [16] [17] . The prevalence of a complete response in the present study (64%) was within the range of the previous studies. Casopitant is another NK 1 receptor antagonist. A randomised phase 3 study evaluating two schedules of casopitant (single-dose 150-mg regimen and 3-day dose 90-mg/50-mg/50-mg regimen) in combination with ondansetron and dexamethasone for the prevention of CINV reported that the casopitant arms were superior to a combination of ondansetron and dexamethasone alone in preventing nausea and vomiting [18] . Furthermore, administering casopitant on days 2 and 3 did not confer additional efficacy over the single dose of casopitant. On the basis of these two studies, single higher doses of fosaprepitant and casopitant appear to be effective in preventing CINV in patients receiving chemotherapy containing cisplatin. However, There were four patients with missing data in the placebo group. Figure 2 . Percentages of patients with a complete response (no emesis and no rescue therapy). *P < 0.005 versus placebo group (calculated using the Mantel-Haenszel test after stratification for treatment, sex, presence or absence of at least moderately emetogenic antitumour agent used in combination with cisplatin, and presence or absence of previous treatment with cisplatin). Fosaprepitant group: n = 173; placebo group: n = 167 (overall phase and acute phases), n = 166 (delayed phase).
original articles Annals of Oncology casopitant was withdrawn for safety issues. Very recently, Grunberg et al. [10] . conducted a randomised, double-blind, phase 3 study to compare intravenous single-dose fosaprepitant with 3-day oral aprepitant, each combined with ondansetron and dexamethasone, for relief from CINV. They demonstrated that a single-dose fosaprepitant 150-mg regimen was non-inferior to a 3-day oral aprepitant (125 mg/80 mg/80 mg) regimen [10] . Single-dose fosaprepitant could be used as an alternative to 3-day aprepitant for the prevention of CINV. Administration of single-dose fosaprepitant may improve adherence and convenience for physicians and patients, resulting in better control of CINV. In the present phase 3 trial, the complete response rates in the acute and delayed phases were significantly higher in the fosaprepitant group than in the control group (acute phase: 94% versus 81%, P = 0.0006; delayed phase: 65% versus 49%, P = 0.0025). Furthermore, although the prevalence of a complete response was decreased in the delayed phase, the difference in the prevalence of a complete response between the two groups was higher in the delayed phase than in the acute phase (16% versus 13%). This finding suggests that single administration of fosaprepitant (150 mg) is effective for the prevention of emesis in the delayed phase. In addition, in terms of complete protection and no emesis, the fosaprepitant group was statistically superior to the control group.
Currently, control of nausea is more difficult than control of vomiting [19] . In the present study, the two groups did not differ significantly in the control of significant nausea and Complete protection: no emesis, no rescue therapy, and no significant nausea (most severe nausea of mild or less severity). Total control: no emesis, no rescue therapy, and no nausea. Overall phase: first moderately emetogenic or highly emetogenic antitumour agent (including cisplatin) at 0-120 h after the start of treatment. Acute phase: first moderately emetogenic or highly emetogenic antitumour agent (including cisplatin) at 0-24 h after the start of treatment.
Delayed phase: first moderately emetogenic or highly emetogenic antitumour agent (including cisplatin) at 24-120 h after the start of treatment. a n = 166. *P < 0.05, **P < 0.01, ***P < 0.001 (calculated by the Mantel-Haenszel test after stratification for treatment, sex, presence or absence of at least moderately emetogenic antitumour agent used in combination with cisplatin, and presence or absence of previous treatment with cisplatin). nausea. Of the three previous randomised phase 3 studies comparing aprepitant plus 5-HT3 receptor antagonist and dexamethasone versus 5-HT3 receptor antagonist and dexamethasone in patients receiving highly emetogenic chemotherapy, none found significant differences in the percentages of patients with no significant nausea [15] [16] [17] . In terms of control of nausea, the study by Hesketh et al. [15] showed no difference between the arms, while the study by Poli-Bigelli et al. [16] reported superior control for the aprepitant arm. However, a combined analysis of the Hesketh et al. trial and the Poli-Bigelli et al. trial [20] showed a statistically significant difference in nausea and significant nausea. Our results are compatible with a much more modest effect on nausea than vomiting reflected by inconsistent results in the literature. The major adverse events observed in both arms were mostly related to the chemotherapeutic agents. Fosaprepitant and the equivalent placebo were given intravenously in this study. As expected, the number of infusion-related adverse events was higher in the fosaprepitant group than in the standard arm group. However, these events were mild-tomoderate and clinically manageable. Furthermore, these events did not result in a delay of administration of cancer chemotherapy. Except for injection-site reactions, there were no marked differences in the prevalence and severity of adverse events between the fosaprepitant and placebo groups. Fosaprepitant is a moderate inhibitor of CYP3A4, and drugdrug interactions with several chemotherapeutic agents (including vinca alkaloids, taxanes, and etoposide), which may cause increases in chemotherapy-related haematological toxicity, have been a concern. However, a recent review indicated that aprepitant does not significantly affect the pharmacokinetics of co-administered chemotherapeutic agents that are substrates of CYP3A4 [21] . In the present study, the prevalences of febrile neutropenia, neutropenia, anaemia, and thrombocytopenia in the fosaprepitant group were similar to those in the control group.
In conclusion, fosaprepitant in combination with granisetron and dexamethasone was well-tolerated and more effective than a combination of granisetron and dexamethasone in preventing CINV in patients receiving high-dose cisplatin.
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